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The brain is an information processing system capable of various higher cognitive functions. The 
understanding of the mechanism of the brain function is important for the various research fields of 
medicines, bioengineering, and information engineering. In perceptual information processing, it is 
still unclear how certainty/uncertainty of external information is processed in the brain. As for this 
process, the mechanisms at different levels of a single neuron and a neural circuit were studied by 
using a computational model based on electrophysiological behaviors of a neuron. 
 Firstly, it was examined whether the Bayesian inference algorithm that treats uncertainty of sensory 
information can be implemented on a biological neural circuit. This dissertation constructed a 
cortical neural circuit model based on physiological and anatomical knowledge to reproduce the 
inference process of visual stimuli. As a result, it was found not only that the model could reproduce 
the probabilistic information processing of the Bayesian inference, but also that the relation between 
required time for the inference and the intensity of visual stimuli satisfied “Piéron’s law” known in 
the filed of psychophysics. This suggests that it is possible to understand the structure and behavior 
of neural circuit in the context of the Bayesian inference. Next, the dissertation studied the 
mechanism of cooperative and/or competitive synaptic plasticity that is essential for formation of the 
adaptive neural circuit to external stimuli. As for the synaptic plasticity that a synapse change its 
weight in an activity-dependent manner, the mechanism for cooperation and competition between 
synapses is still unclear. Based on the experimental results that intracellular calcium ion controls the 
synaptic plasticity, the dissertation modeled the dynamics calcium concentration determined by 
several organs controlling calcium ions including calcium stores. By analyzing the mechanism, it 
was found that the storing and releasing of calcium ions by the calcium stores plays an important 
role for the cooperation and competition between spatially separated synapses. 
 Thus, the proposed neural circuit model and neuron model in the present thesis could advance 
understanding of perceptual information processing at each level 
 
 
